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METHOD TO ESTIMATE THE NUMBER OF
DISTINCT VALUE COMBINATIONS FOR A

SET OF ATTRIBUTES IN A DATABASE
SYSTEM

FIELD OF THE INVENTION

The present invention relates in general to database man-
agement systems performed by computers, and 1n particular,
to the optimization of queries.

BACKGROUND OF THE INVENTION

Computer systems 1incorporating Relational Database
Management System (RDBMS) software using a Structured
Query Language (SQL) interface are well known 1n the art.
The SQL interface has evolved into a standard language for
RDBMS software and has been adopted as such by both the
American National Standards Institute (ANSI) and the Inter-
national Standards Organization (ISO).

A query optimizer function in the RDBMS 1s responsible
for translating SQL statements into an efficient query execu-
tion plan (QEP). The QEP dictates the methods and
sequences used for accessing tables, the methods used to join
these tables, the placement of sorts, where predicates are
applied, and so on. The QEP 1s interpreted by the RDBMS
when the query 1s subsequently executed.

There may be a large number of feasible QEPs, even for a
simple query. The optimizer determines the best of these
alternatives by modeling the execution characteristics of each
one and choosing the QEP that minimizes some optimization
goal such as response time or use of system resources. See
¢.g., P. Griifiths Selinger, M. M. Astrahan, D. D Chamberlin,
R. A. Lorie, and T. G. Price, “Access Path Selection 1n a
Relational Database Management System™, Procs. 1979
ACM SIGMOD Conf. (May 1979), pp. 23-34 (hereinafter
referred to as [Selinger 79]).

The optimizer may choose to minimize some estimated
cost metric, such as resource consumption or elapsed time,
wherein the most important factor in accurately computing,
any cost used during optimization i1s a cardinality estimate.
The pioneering work in estimating the cardinality of a plan 1n
an incremental fashion was described 1n [Selinger 79]. How-
ever, this work assumed that each predicate was independent
and that values were distributed uniformly.

U.S. Pat. No. 4,936,774, 1ssued September 1990 to Akira
Shibamiya and R. Zimowski, entitled “Data base optimizer
using most frequency values statistics” (heremafiter referred
to as [Shibamiya 90], kept frequency statistics to drop the
assumption of umiformity, but did not deal with the indepen-
dence assumption.

U.S. Pat. No. 5,469,568, 1ssued Nov. 21, 1995, to K. Bern-
hard Schiefer and Arun Swani, entitled “Method for choosing,
largest selectivities among eligible predicates of join equiva-
lence classes for query optimization” (hereinatter referred to
as [Schiefer 935]), dertved a technique for computing cardi-
nalities of joins only when the join (1.e., single-table) predi-
cates and predicates whose correlation are somewhere
between completely redundant and completely independent.

Rafiul Ahad, K. V. Bapa Rao, and Dennis McLeod, “On
Estimating the Cardinality of the Projection of a Database
Relation”, ACM Transactions on Databases, Vol. 14, No. 1
(March 1989), pp. 28-40 (hereinafter referred to as [ARM
89]), exploited multivaniate distributions of the values in the
database and semantic constraints to estimate the size of a
query when correlations can occur, but only for a single table
having no duplicate rows (which SQL allows).
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Allen Van Gelder, “Multiple Join Size Estimation by Vir-
tual Domains” (extended abstract), Proc. of ACM PODS Con-

ference, Washington, D.C. (May 1993), pp. 180-189 (herein-

alter referred to as [VG 93]), adjusted the selectivity of
individual predicates based upon correlation statistics, so that
the state-oi-the-art techniques can be used unchanged. How-
ever, such adjustments underestimate the cardinality for the
partial QEPs applying some proper subset of such correlated
predicates.

Viswanath Poosala and Yannis E. Ioannidis, “Selectivity
Estimation Without the Afttribute Value Independence
Assumption”, Proc. of the 23" Conference on Very Large
Data Bases, Athens, Greece (1997), pp. 486-495 (hereinafter
referred to as [PI 97]), also exploited multi-variate distribu-
tions on two attributes only, summarized as 2-dimensional
histograms that are further compressed using singular-value
decomposition, but does not deal with equality predicates (the
most common form of predicates, especially for joins) or
correlations among more than two predicates.

Other references of interest include: B. Muthuswamy and
L. Kerschberg, “A Detailed Statistical Model for Relational
Query Optimization”, Proc. Of the ACM Annual Conference,
Denver (October 1985), pp. 439-448 (hereinafter referred to
as MK 835); and David Sitmmen, Eugene Shekita, and Timothy
Malkemus, “Fundamental Techniques for Order Optimiza-
tion”, Proc. 1996 ACM SIGMOD Conf. (May 1996), pp.
57-677 (heremafter referred to as [Stmmen 96]).

Notwithstanding these various prior art methods, there
ex1sts a need 1n the art for improved techmiques for optimizing
queries, especially through the use of estimated cardinality.

Query optimizers 1n relational database management sys-
tems rely on cost estimation to choose the best physical
execution plan for a query. The accuracy of cost estimation 1s
thus of critical importance because cost of plans can differ
considerably and choosing a bad plan might result 1n
extremely poor performance. One of the key elements in cost
estimation for queries 1s the estimation of the number of
distinct values 1n a set of attributes, and it has received con-
siderable attention 1n the literature and commercial systems.
For example, 1t may be interesting to estimate the number of
groups that have the same “color” and “size” of a product.
Wrong cardinality estimates often lead to poor choices for
operation strategies mvolving the sets of attributes as well as
poor access plan choices for subsequent portions of the plan.

Existing database query optimizers focus on the estimation
of number of distinct values for a single attribute, while the
problem of estimating the number of distinct value combina-
tions 1n a set of attributes remains elusive. Conventional com-
mercial database systems use pre-computed sets of attributes
statistics that are computed by scanning the data. This could
be done easily when a multi-attribute index 1s used to do the
counting. The statistics could also be computed when the
values 1n the attributes are “concatenated” 1n some way to
compute the number of distinct values 1n a way similar to
computing the distinct values 1n a single attribute. The main
problem with pre-computed sets of attributes 1s that one has to
know 1n advance which sets of attributes are of interest. This
1s not easily possible when the number of permutations and
combinations of the sets of attributes 1s large. Various meth-
odologies might be used 1n order to decide the interesting
combinations 1mcluding preprocessing the workload of que-
ries or as some sort of feedback mechanism for future queries
from looking at estimates versus the actual cardinalities of
past queries.

The above methods do not lend themselves to arbitrary ad
hoc queries. A method which uses the typical statistics that
are collected on individual attributes used today 1s very primi-
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tive. In general, the product of the individual attribute distinct
values produces the maximum number of possible combina-
tions.

Accordingly, what 1s needed 1s a system and method for
more accurately estimating the number of distinct values of
combinations for a set of attributes 1n a database system. The
present invention addresses such a need.

SUMMARY OF THE INVENTION

A method to estimate the number of distinct value combi-
nations for a set of attributes 1n a database system 1s disclosed.
The method comprises utilizing frequency information
within the set of attributes to provide an estimate for the
number of distinct value combinations. In a preferred
embodiment, the utilizing step comprises estimating the
number of distinct value combinations utilizing frequency
information of the set of attributes based upon probability
theory and further includes providing bounds on the distinct
value information combinations utilizing the frequency infor-
mation of the set of attributes. In so doing, an estimate for the
number of distinct value combinations 1s provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the computer hardware environment of
the present invention.

FI1G. 2 1s a flow chart illustrating the steps necessary for the
interpretation and execution of SQL statements 1n an interac-
tive environment according to the present invention.

FI1G. 3 1s a flow chart illustrating the steps necessary for the
interpretation and execution of SQL statements embedded 1n
source code according to the present invention.

FI1G. 4 15 a simple flow chart for estimating the number of
distinct value combinations for a set of attributes.

DETAILED DESCRIPTION OF THE INVENTION

The present mnvention relates in general to database man-
agement systems performed by computers, and 1n particular,
to the optimization of queries. The following description 1s
presented to enable one of ordinary skill 1n the art to make and
use the mvention and 1s provided 1n the context of a patent
application and 1ts requirements. Various modifications to the
preferred embodiments and the generic principles and fea-
tures described herein will be readily apparent to those skilled
in the art. Thus, the present mnvention 1s not intended to be
limited to the embodiments shown, but 1s to be accorded the
widest scope consistent with the principles and features
described herein.

FIG. 1 illustrates an exemplary hardware and software
environment that could be used with the preferred embodi-
ment of the present invention. In the exemplary environment,
a server computer 100 1s connected to one or more client
computers 102 or terminals. The server computer 100
executes a relational database management system
(RDBMS) that manages user and system tables 104 and
includes a system log 106. In the preferred embodiment of the
present invention, the RDBMS comprises the IBM® DB2®
Universal Database™ (DB2 UDB) product offered by IBM
Corporation, although those skilled in the art will recognize
that the present invention has application to any RDBMS. The
client computers 102 interface to the RDBMS wvia a client
interface component 108.

As 1llustrated 1n FIG. 1, the RDBMS 1ncludes three major
components: the Resource Lock Manager (RLM) 110, the
Systems Services module 112, and the Database Services
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module 114. The RLM 110 handles locking services, because
the RDBMS treats data as a shared resource, thereby allowing
any number of users to access the same data simultaneously,
and thus concurrency control 1s required to 1solate users and
to maintain data integrity. The Systems Services module 112
controls the overall RDBMS execution environment, includ-
ing managing log data sets 106, gathering statistics, handling
startup and shutdown, and providing management support.

At the heart of the RDBMS 1s the Database Services mod-
ule 114. The Database Services module 114 contains several
submodules, including a Relational Database System (RDS)
116, Data Manager 118, Buller Manager 120, and Other
Components 122 such as an SQL compiler/interpreter. These
submodules support the functions of the SQL language, 1.¢.,
definition, access control, retrieval, and update.

Generally, the RDBMS comprises logic and/or data that
are embodied 1n or retrievable from a device, medium, or
carrier, ¢.g., a fixed or removable data storage device, a
remote driver coupled to the computer by a data communica-
tions device, etc. Moreover, this logic and/or data, when read,
executed, and/or interpreted by the computer 100, causes the
computer 100 to perform the steps necessary to implement
and/or use the present mvention.

Thus, the present invention may be implemented as a
method, system, or computer program product using standard
programming and/or engineering techniques to produce soft-
ware, firmware, hardware, or any combination thereof. In the
form of a computer program product, 1t may be accessible
from a computer-usable or computer-readable medium pro-
viding program code for use by or in connection with a
computer or any instruction execution system. For the pur-
poses ol this description, a computer-usable or computer
readable medium can be any apparatus that can contain, store,
communicate, propagate, or transport the program for use by
or in connection with the istruction execution system, appa-
ratus, or device.

The medium can be an electronic, magnetic, optical, elec-
tromagnetic, infrared, or semiconductor system (or apparatus
or device) or a propagation medium. Examples of a computer-
readable medium 1include a semiconductor or solid state
memory, magnetic tape, a removable computer diskette, a
random access memory (RAM), aread-only memory (ROM),
a rigid magnetic disk and an optical disk. Current examples of
optical disks include compact disk—read only memory (CD-
ROM), compact disk—read/write (CD-R/W) and DVD.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage, and cache memories which provide temporary stor-
age of at least some program code 1n order to reduce the
number of times code must be retrieved from bulk storage
during execution.

Input/output or I/O devices (including but not limited to
keyboards, displays, pointing devices, etc.) can be coupled to
the system either directly or through intervening I/0O control-
lers.

Network adapters may also be coupled to the system to
enable the data processing system to become coupled to other
data processing systems or remote printers or storage devices
through intervening private or public networks. Modems,
cable modem and Ethernet cards are just a few of the currently
available types of network adapters.

Of course, those skilled 1n the art will recognize many
modifications may be made to this configuration without
departing from the scope of the present mmvention. For
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example, those skilled 1n the art will recognize that any com-
bination of the above components, or any number of different
components, including computer programs, peripherals, and
other devices, may be used to implement the present imven-
tion, so long as similar functions are performed thereby.

Interactive SQL

Execution

FI1G. 2 1s a flow chart illustrating the steps necessary for the
interpretation and execution of SQL statements 1n an interac-
tive environment according to the present mvention. Block
200 represents the input of SQL statements into the computer
system 102. Block 202 represents the step of compiling or
interpreting the SQL statements. Block 204 represents the
step of generating a compiled set of runtime structures called
a query execution plan from the compiled SQL statements.
An optimization function at Block 204 may transform or
optimize the SQL query in a manner described 1n more detail
later 1 this specification. Generally, the SQL statements
received as mput specily only the desired data, but not how to
retrieve the data. This step considers both the available access
paths (indexes, sequential reads, etc.) and system held statis-

tics on the data to be accessed (the size of the table, the
number of distinct values 1n a particular attribute, etc.) to
choose what 1t considers to be the most efficient access path
tor the query. Block 206 represents the execution of the query
execution plan and Block 208 represents the output of the

results.
Embedded/Batch SQL E

Execution

FIG. 3 1s a flow chart illustrating the steps necessary for the
interpretation and execution of SQL statements embedded 1n
source code according to the present mvention. Block 300
represents program source code containing a host language
(such as COBOL or C) and embedded SQL statements. The
program source code 300 1s then iput to a pre-compile step
302. There are two outputs from the pre-compile step 302: a
modified source code module 304 and a Database Request
Module (DBRM) 306. The modified source code module 304
contains host language calls to the RDBMS, which the pre-
compile step 302 inserts 1n place of SQL statements. The
DBRM 306 1s comprised of the SQL statements from the
program source code 300. A compile and link-edit step 308
uses the modified source code module 304 to produce a load
module 310, while an optimize and bind step 312 uses the
DBRM 306 to produce a compiled set of runtime structures
for the query execution plan 314. As indicated above 1n con-
junction with FIG. 2, the SQL statements from the program
source code 300 specity only the desired data, but not how to
retrieve the data. The optimize and bind step 312 may opti-
mize the SQL query 1n a manner described 1n more detail later
in this specification. Thereafter, the optimize and bind step
312 considers both the available access paths (indexes,
sequential reads, etc.) and system held statistics on the data to
be accessed (the size of the table, the number of distinct
values 1n a particular attribute, etc.), to choose what 1t con-
siders to be the most efficient access path for the query. The
load module 310 and query execution plan 314 are then
executed together at step 316.

Current commercial databases may use attribute groups or
multiple attribute 1ndex statistics 1n order to estimate distinct
value combinations on multiple attributes for query execution
pleas. However, attribute groups or multiple attribute index
statistics are not always available, and it 1s not easy to decide
what combinations one should collect statistics on, as the
number of possible combinations can be huge. When there 1s
no statistical information on the groups of attributes that are
ol interest, naive estimators currently used in commercial
systems do not work well and often produce large errors.
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In a method, computer program product, and system 1n
accordance with the present invention, mstead of extending
the sampling approach from single-attribute to the multi-
attribute case, the quality of estimation 1s improved by mak-
ing use of existing statistical frequency information on 1ndi-
vidual attributes, which 1s usually maintained by the DBMS,
for example 1n a system catalog, and readily available. Com-
pared with the sampling approach, an approach 1in accordance
with the present invention does not require physical access to
the data through disk 1/0, and therefore 1s more eflicient.

Betore proceeding to describe the features of the system
and method 1n accordance with the present imnvention, the
problem of estimating the number of distinct value combina-
tions for a set of attributes 1s described below.

Definition (number of distinct value combinations). Given
a selected set of attributes G=(A,, A, ..., A _)inarelation R,
the number of distinct value Combmatlons for G 1s defined as

the number of distinct tuples in mGR (the projection of R on
G).

d.(1=1=m) 1s utilized to denote the number of distinct val-
ues 1n attribute A (1=1=m) in G, and D 1s utilized to denote
the number of distinct value combinations. Assuming an (ar-
bitrary) total ordering on the values 1n each attribute, vector
v=(v,, V,,...,v_)denotes the value combination that takes on
the v, -th value 1n attribute A, v,-th value 1n attribute A, and
so on. V denotes the set of all value combinations present 1n
wGR ; hence D _=IVI. Let {  be the normalized frequency of
the value combination of V such that > ;1 =1.

Estimating the Conventional Number of Distinct Value Com-
binations for a Set of Attributes

In this embodiment the frequencies of the attributes are
known, 1.e., the frequency vector 1. for each attribute A.eG
(1=1, ..., m) i1s known. Here the frequency vector

Zﬁj-l,

Wall

fi=firs fizs oo s fig;)

with 1, being the fraction of tuples having the j-th value of
attribute A . As an example, 1t there are three distinct values 1n
Attribute A, and they appear mn R 20, 40 and 140 times
respectively, then 1=(0.1, 0.2, 0.7).

When there exist functional dependencies among the
attributes 1n G, they can be effective utilized to obtain accu-
rate estimates. For example, 11 1t 1s desired to estimate the
Column Set Cardinality (COLSCARD) for the set of
attributes (A, A,), and there happens to exist a functional
dependency A, —A,, then clearly the COLSCARD 1s equal to

d,, the number of distinct values in A, .
Naive Estimators

Assuming the data 1n different attributes are independently
distributed, the total number of possible value combinations
would be

This might be utilized as an estimate of the COLSCARD. In
fact, a natve estimator, which 1s currently used in a database
system may be the following:
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where N 1s the size of the table, and serves as a “sanity”
bound because D cannot be greater than the table size.

However, such an estimator 1s problematic 1n that 1t 1s just
the maximum possible number of value combinations for G;
when N=|R| 1s small, some less frequent value combinations
may not appear 1n the relation at all.

EXAMPLE

Suppose the COLSCARD for two attributes A, and A,
needs to be estimated, and 1t 1s known that £,=(0.4, 0.4, 0.2)
and 1,=(0.8, 0.1, 0.1).

Scenario 1: N=10. One possibility might be to estimate the
number of possible value combinations to be 3x3=9. How-
ever, the known I”s imply that the probability of occurrence of
the least possible value combination 1s f,, xi,;=0.2x
0.1=0.02, which indicates that such a value combination 1s
very unlikely to appear 1n a relation of size N=10. Therelore,
the expected number of value combinations 1s expected to be
less than 9.

Scenario 2: When N 1s less than

i

]_[df,

=1

¢.g., N=8, the estimated number of possible combinations
needs to be “truncated” from 9 to 8, as 1t cannot be greater
than N. The problem is that, with a relation of size 8, some
value combinations with small occurrence probabilities to
appear are not expected to appear (e.g., the above combina-
tion with probability 0.02. So again, the expected number of
value combinations 1s expected to be less than the maximum
possible number, 8.

As shown 1n the example, using the narve estimator 1s often
erroneous, and better estimates are desired. FIG. 4 1s a simple
flow chart for estimating the number of distinct value combi-
nations for a set of attributes. As 1s seen, the number of distinct
value combinations derived from the frequency information
1s estimated based upon probability theory, via step 402.
Bounds are provided on the distinct value combinations by
exploiting frequency information of each of the set of
attributes, via step 404. Finally, the estimated distinct value
combinations and the tighter bounds may be utilized to pro-
vide an improved (bounded) estimate for the number of dis-
tinct value combinations, via step 406.

To further describe the features of the present invention in
more detail, refer now to the following description.

Estimating the number of distinct value combinations
based upon probability theory.

An embodiment of this invention 1s directed to a method to
estimate D - based on an application of probability theory. Let
f~I, @fz . @fm be the Kronecker product (also known
as direct product, tensor product, or outer product) of the
frequency vectors of all attributes. Then 1 1s a vector of
length
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M =

]

d:.
=1
Note that each element of {1 represents the frequency I, of a
specific value combination v. Clearly, the individual compo-
nents of the vectorf,addupto 1,1.e.,2 _ =1, For instance, in
the above example, 1~(0.32, 0.04, 0.04, 0.32, 0.04, 0.04,
0.16,0.02,0.02), and 1t 1s easy to verily that they sumup to 1.

If each element of f, 1s considered as the probability of
occurrence of the corresponding value combination, and each
tuple 1n the relation R as independently drawn from M pos-
sible value combinations, then the following theorem for
estimating COLSCARD 1s established:

Theorem 1. Under the following assumptions:

1. The data distributions of individual attributes 1n G are
independent,

2. For the value combination v, 1ts occurrence 1s the result
of an independent Bernoulli trial, with the success (occur-
rence) probability T, and

3. The occurrences of individual possible value combina-

tions are independent.
The expected number of distinct value combinations 1s:

E[Dc]=M - ) (1-f)".

Vv

To describe an example utilizing this equation refer now to
the following.
As the previous example, suppose there 1s a need to esti-

mate the COLSCARD for three attributes A, A,, and A;, and
£,=(0.4,0.4,0.2) and 1,=(0.8, 0.1, 0.1). Assume that there are
10 rows 1n the table, 1.e., N=10. The naive method provides 9
(3 times 3) distinct values.

Assuming that A, takes on 3 values X,Y and 7, and A, has
three values P and Q and R, the algorithm involves first
computing a vector 1, that 1s obtained by multiplying the
individual frequencies 1n each of the vectors 1; and 1,. The
combination A,=X and A,=P has probability
t,,*1,,=0.4%0.8=0.32.

The combination with A;=X and A.=P has probability
t,, *1,,=0.4*0.01 =0.04.

The combination with A,=X and A,=Q has probability
t,,*1,,=0.4%0.1=0.04, and so on, resulting in the kronecker
product vector I, which 1s (0.32, 0.04, 0.04, 0.32, 0.04, 0.04,
0.16, 0.02, 0.02).

Given the independence assumptions 1n Theorem 3, our

formula for the expected number of distinct value combina-
tions 1s D . =M-SUM where SUM 1s the sum of all the prob-
abilities that value combinations do not occur in the table 1.e.,

SUM = » (1 - f,)".

V=V

The way this above formula 1s derived 1s as follows:

If each tuple 1n R 1s thought of as independently drawn
from M possible value combinations, then the probability of
value combination v not chosen 1n any particular draw 1s
(1-1,). So for the first combination with A,=X and A,=P, the
probability that this does not occur 1n the first row of the table
1s (1-0.32). The probability that this value combination does
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not occur in N rows of the table is (1-0.32)", resulting in the
probability that the value combination does not exist in the

table.

The probability for all the value combinations are added
together to provide SUM. Then SUM 1n this example 1s
(1-0.32)'°4(1-0.04)'°+(1-0.04)'°+(1-0.32)"° +(1-
0.04)' °+(1-0.04)"°+(1-0.16)""+(1-0.02)'°+(1-0.2)""=
0.211+0.665+0.021140.665+40.665+0.151+0.689+0.689=~=
4.61. Accordingly, the D, 1 this embodiment
10-4.61~=5.39. Accordingly, an estimate of the number of
distinct values 1s 5.39, based on the assumptions set out
earlier. Therefore, this number can be utilized in the cost
estimation of the execution plan of a query.

Tighter upper and lower bounds of the cost can also be
provided in conjunction with the above identified calculations

to obtain an improved (bounded) estimate. An example of
these tighter bounds and how they would be utilized to
improve the accuracy of the estimation of distinct value com-
binations 1s described 1n detail herein below.

Upper/Lower Bounds on COLSCARD

Naturally, for the set of attributes G=(A,, A,, . .., A ),
COLSCARD is lower-bounded by max {d,,d,,...d, },since

it cannot be less than the number of distinct values 1in any of
the constituent attributes. Moreover, as discussed earlier 1n

this section, COLSCARD 1s upper-bounded by

" N}.

To 1llustrate this feature, the upper and lower bounds of two
attributes are described.

min-

i

The description herein below can be utilized with two
attributes or any multiple of two attributes. Furthermore, 1t
should be understood that even though the description below
finds upper and lower bounds of two attributes or multiple of
two attributes, one of ordinary skill 1n the art readily recog-
nizes, other equations could be utilized which exploit the
frequency mformation for other multiples of attributes and
their use would be within the spirit and scope of the present
invention.

The following theorems demonstrate this possibility, for 2
attributes.

Theorem 2. For attribute set G=(A |, A,), define 1, (1=1, 2;

1=1, ..., d,) as the mmmimum number of different values that
have to be combined with 1, given the marginals, 1.e.,

L~min{|FI:F<{1,. .. .d.},S(F)sf,<SE)+,

Vq&F}
where 1'=3-1, and S(F)=2 -1, . Then,
max = W
Do, = 773 Q*ZIW
S Vo S

is a lower bound on D and D; =2max {d,, d,}.

Theorem 3. For attribute set G=(A, A,), v, (=1, 2;

1=1, ..., d,)1s defined a maximum number of diflerent Values
that can be combined with f,; given the marginals, 1.e.,

u;=min{ d, f;N}
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where 1'=3-1. Then,

1s an upper bound on

( m
D(_"; and DGU Eﬂl_Idg,Nh

3 .i!:.l.

Theorems 2 and 3 provide tighter lower and upper bounds
than the trivial ones, as 1llustrated 1n the example.

Example 2. Consider the estimation of COLSCARD for
G=(A,, A,), with N=10, and 1,=(0.4, 0.4, 0.2) and {,=(0.8,
0.1, 0.1). Clearly the trivial lower and upper bounds are 3 and
9 respectively. As will be described herein below, the esti-
mated lower and upper bounds dictated by Theorems 2 and 3,
on the other hand, are 4 and 5 respectively, which are tighter
than the trivial bounds. To describe how the upper and lower
bounds can be derived from Theorems 1 and 2, refer now to
the following proof.

Computing the lower bound D for D can be done using
the Algorithm 1, which 1mplements Theorem 1, shown below.

sort 1, (1=1 2) in descending order;

fori=1to 2 do
i =3—1
for j=1 to d; do

k=1;

while f;; }Zf; do

k=k+1

end while

end for

DGL = IMax; {H’JI}

where for each 1, the corresponding 1, 1s calculated by
finding out at least how many frequencies from the other
attribute have to be combined with it, and then adding them up
and getting a result.

Hence 1n this algorithm, the bounds for two attributes are
sorted 1n ascending order. In this embodiment the frequency
information (1;) of A, 1s (0.4, 0.4, 0.2) and the frequency
information (1,) for A, 1s (0.8, 0.1, 0.1). First, the equation
loops such that frequency each of the attributes of A,, are
compared consecutively with the accumulation of the
attributes of A,

The first time 0.4>0.8 1s not true, so 1, =1. This 1s performed
for all 3 frequencies of A, and end up with k=1 each time. The
second time of the OUTER FOR loop with 1=2 and 1'=1 the
comparison 0.8>0.4 for the first iteration of the inner FOR

loop 1s true. The second inner loop 1teration with 0.8>0.4+0.4
fails resulting 1n k=2.
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The other mmer FOR loops result 1n k=1 since the other
frequencies of 0.1 and 0.1 1in 1, are less than 0.4, 0.4 and 0.2.

Assuming for the first round of the OUTER FOR loop the
lower bound 1b, below to 1+1+1=3, for the second round of
the OUTER FOR loop, set 1b,=2+1+1=4. Therefore the
lower bound 1s MAX(3,4)=4.

Obtalmng the upper bound D ._for D 1s much easier. For
each 1, u,; 1s computed by 31mpjly comparing t,-N and d,.
Addmg up the u,;’s for each attribute and taking the lesser ef
the two sums give rise to the desired bound.

Based on Theorem 3, for N=10

1 ranges from 1 to 2 for the 2 attributes

1 Irom 1 to 3 for each of the 2 attributes, resulting 1n:
u, ,=MII 10)=3

10)=3
10)=2
10)=3
10)=1

u,,=MII 10)=1

D, —MIN((3+3+2) (3+1+1))=MIN(8,5)=5

Thls 1s further compared with the product d, *d, which 1s
3*%3=9 and the rows N=10. The tighter upper bound
D =MIN(5, 9, 10)=5.

The tighter bounds are applied as follows. In this example,
if D >N then set D.=N. If D>D . then set D, DG , 1t
D <D thensetD —D Aeeerdmgly, in the abeve example
When ealeulatmg D, based upon probability theory, the num-
ber of distinct Value combinations 1s 5.39. Since 5.39 1s
greater than the upper bound o1 5, D, canbe setto 5. Although
a specific example has been used, 1t 1s readily apparent to one
of ordinary skill 1n the art that many examples could be
utilized and they would be within the spirit and scope of the
present invention. As one can readily recognize as the number
ol possible distinct combinations grows the ability to utilize a
system and method 1n accordance with the present invention
will significantly reduce the number of calculations required
to provide the estimate.

Accordingly, a method, computer program product and
system to estimate the number of distinct value combinations
for a set of attributes 1n a database system 1s disclosed. By
utilizing frequency mformation within the set of attributes an
estimate for the number of distinct value combinations 1s
provided. In a preferred embodiment, the number of distinct
value combinations 1s estimated utilizing frequency informa-
tion of the set of attributes based upon probability theory.
Thereatter, bounds on the distinct value information combi-
nations are provided utilizing the frequency information of
the set of attributes. In so doing, an estimate for the number of
distinct value combinations 1s provided.

Although the present mmvention has been described 1in
accordance with the embodiments shown, one of ordinary
skill 1n the art will readily recogmize that there could be
variations to the embodiments and those variations would be
within the spirit and scope of the present invention. Accord-
ingly, many modifications may be made by one of ordinary
skill 1n the art without departing from the spirit and scope of
the appended claims.

What 1s claimed 1s:

1. A method implemented by a computer system including
a processor to estimate the number of distinct value combi-
nations for a set of attributes 1n a table of a database system,
the number of distinct value combinations being provided for
a number of distinct values of each of the attributes in the set
of attributes, the method comprising:

using the processor to utilize frequency information for the

set of attributes to provide an estimate for the number of

distinct value combinations, wherein the frequency
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information includes individual frequency statistics for
each individual attribute 1n the set of attributes, the indi-
vidual frequency statistics indicating the number of
times each distinct value appears in each individual
attribute 1n the set of attributes,

wherein using the processor to utilize frequency informa-

tion 1ncludes:

using the individual frequency statistics to determine a

probability of occurrence of each specific value combi-
nation of the distinct values, and

using the probability of occurrence of each specific value

combination to provide the estimate for the number of
distinct value combinations, including determining a
lower number of distinct value combinations than a
maximum number of distinct value combinations for the
distinct values, wherein determining a lower number of
distinct value combinations includes subtracting from
the maximum possible number of distinct value combi-
nations a sum of probabilities that the value combina-
tions do not occur in the table, wherein the sum of
probabilities 1s determined using the individual fre-
quency statistics.

2. The method of claim 1 wherein the utilizing step turther
includes providing bounds on the distinct value combina-
tions, wherein the bounds are determined utilizing the indi-
vidual frequency statistics of the set of attributes.

3. The method of claim 2, wherein a lower bound of the
bounds 1s defined by an equation comprising the greater of:

max

1d; }

=1, m

d; A
max
=1 m{zl:lg > and

wherein m 1s a number of the attributes in the set of
attributes;

117 1s a minimum number of different distinct values for the
individual attributes 1n the set of attributes that have to be
combined with 11 given the individual frequency statis-
tics of each individual attribute;

di1 1s the number of distinct values 1n the attribute 1; and

{fij} is a tensor product of frequency vectors of all
attributes.

4. The method of claim 2, wherein an upper bound of the

bounds 1s defined by an equation comprising the lesser of:

d!
=1, m
J=1

wherein m 1s a number of attributes;

u1] 1s a maximum number of different distinct values for the
individual attributes in the set of attributes that can be
combined with 11 given the individual frequency statis-
tics of each individual attribute;

{di} is a vector consisting of the number of distinct values
for the individual attributes 1n the m number of
attributes; and

{fij} is a tensor product of frequency vectors of all
attributes.

5. The method of claim 1 further comprising using the
processor to utilize the estimate to determine a cost of a query
execution plan that includes an access path for a query access-
ing the table of the database system.
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6. The method of claim 2, wherein the bounds are tighter
than trivial bounds, wherein an upper trivial bound 1s based on
a s1ze of the table and a product of the distinct values of the set
of attributes, and wherein a lower trivial bound 1s based on a
maximum ol a number of distinct values of any of the 1ndi-
vidual attributes of the set of attributes.

7. A non-transitory computer readable storage medium
storing program instructions implemented by a computer sys-
tem for estimating the number of distinct value combinations
for a set of attributes 1n a table of a database system, the
number of distinct value combinations being provided for a
number of distinct values of each of the attributes 1n the set of
attributes, the program istructions for:

utilizing frequency information for the set of attributes to

provide an estimate for the number of distinct value
combinations, wherein the Irequency information
includes individual frequency statistics for each indi-
vidual attribute in the set of attributes, the individual
frequency statistics indicating the number of times each
distinct value appears 1n each individual attribute 1n the
set of attributes,

wherein utilizing the frequency imnformation icludes:

using the individual frequency statistics to determine a

probability of occurrence of each specific value combi-
nation of the distinct values, and

using the probability of occurrence of each specific value

combination to provide the estimate for the number of
distinct value combinations, including determining a
lower number of distinct value combinations than a
maximum number of distinct value combinations for the
distinct values, wherein determining a lower number of
distinct value combinations includes subtracting from
the maximum possible number of distinct value combi-
nations a sum of probabilities that the value combina-
tions do not occur in the table, wherein the sum of
probabilities 1s determined using the individual fre-
quency statistics.

8. The computer readable storage medium of claim 7
wherein the utilizing frequency information further includes
providing bounds on the distinct value combinations, wherein
the bounds are determined utilizing the individual frequency
statistics of the set of attributes, wherein 11 the estimate 1s
greater than an upper bound then the estimate 1s set to the
upper bound and 11 the estimate 1s less than a lower bound then
the estimate 1s set to the lower bound.

9. The computer readable storage medium of claim 8,
wherein the bounds are tighter than trivial bounds, wherein an
upper trivial bound is based on a product of the distinct values
of the individual values of the set of attributes, and wherein a
lower trivial bound 1s based on a maximum of a number of
distinct values of any of the individual attributes of the set of
attributes.

10. The computer readable storage medium of claim 7
wherein the program instructions further utilize the estimate
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to determine a cost of a query execution plan that includes an
access path for a query accessing the table of the database
system.
11. A data processing system for estimating the number of
distinct value combinations for a set of attributes, the number
of distinct value combinations being provided for a number of
distinct values of each of the attributes 1n the set of attributes,
the data processing system comprising;:
at least one storage element storing a table of a database
system, the set of attributes applying to the table; and

at least one processor utilizing frequency information for
the set of attributes to provide an estimate for the number
of distinct value combinations, wherein the frequency
information includes individual frequency statistics for
each individual attribute 1n the set of attributes, the 1ndi-
vidual frequency statistics indicating the number of
times each distinct value appears in each individual
attribute in the set of attributes.

wherein using the processor utilizing the frequency infor-

mation includes:

using the individual frequency statistics to determine a

probability of occurrence of each specific value combi-
nation of the distinct values, and

using the probability of occurrence of each specific value

combination to provide the estimate for the number of
distinct value combinations, including determining a
lower number of distinct value combinations than a
maximum number of distinct value combinations for the
distinct values, wherein determining a lower number of
distinct value combinations includes subtracting from
the maximum possible number of distinct value combi-
nations a sum of probabilities that the value combina-
tions do not occur in the table, wherein the sum of

probabilities 1s determined using the individual fre-
quency statistics.

12. The data processing system of claim 11 wherein the at
least one processor utilizing frequency information further
provides bounds on the distinct value combinations, wherein
the bounds are determined utilizing the individual frequency
statistics of the set of attributes.

13. The data processing system of claim 12, wherein the
bounds are tighter than trivial bounds, wherein an upper
trivial bound 1s based on a product of the distinct values of the
individual values of the set of attributes, and wherein a lower
trivial bound 1s based on a maximum of a number of distinct
values of any of the individual attributes of the set of
attributes.

14. The data processing system of claim 11 wherein the at
least one processor utilizes the estimate to determine a cost of
a query execution plan that includes an access path for a query
accessing the table of the database system.
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